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' rT^^{£;^^^T ' I^^M'itM^ LED . 



GaN-based light-emitting diode and the manufacturing method thereof 
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3. 



mmj^ — SiSffiS^M-f-h^S ( GaN-based ) m - V 

WiUnZ^yt — UI^^ ( light-emitting diode ' ffilgLED)^ 
^Wi^smmy6JZ^lBii^m • mmm"?-^ ( Quantum Well) 1^ 

m'^mmmnm-B (recombine) ;tmm ' i^j.m^M.<tum 

LEDJt-^yt^^ ( Luminous Efficiency) : :2^#9^;^#3fe^B 



^m — mW. ^ — n-GaNS;^ 



SB 



-#«^# ( 



Multi-Quantum Well ♦ ^^gMQW) :t'^i±M (Active layer) 
- —p-m^tiL^RMm ( Distributed Bragg Reflector > MM 

DBR)^ —v-Gsi^M:tm^B^:tmm ^ —nm^mmm (n-type 

metal contact) ^ & vM^MMM ( P-type metal contact) ' 

R^^mm^tLB^^ — m (metal Reflector)' ^ft W 

^ ' — LED-^ ^ P-Nm ( Junction ) ^ ;tmi^mm± 
Sltb ' ^^MUn-Z^Ai\^RtJfmm (refractive index) 



6 



^MMJtWBa (recombine) ' S^Rjit^^Tfe^^ ; 

Zm^^m ' ' i^X^m^mmi'fM^mm (Resonant 

Cavity) ^zT^jmrn ' f^^mi& - 

Tismm '.mm±mnmw- > (sapphire) 

:^tgii-^^^;$:^0^;^#i^ > S ijRj ^ |g i^:^ ^ ^ ^ 

^ g ' 2^ # # 0^ ;^ ^ ^ it « M M ' P ^ 
2 Affi|{^^2p:#Hg^g^^»5g0iI;^|±^-j^^g 



3 :a 3 A H m m 2 A 11 ^ IS ;p - ^[1 ; 

4 I 

5 1 

6 1 



m 5 m^^mm^t — nwV' 
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^ I 



1 0 1 0 A ffllMBU 9 AlI^rBl^.^;^-#'^!l 
1 3 MMmm 1-2 Bl^B%M«;^-#^!J ; 



mm 10 

±^M lOa 

T^® 10b 

m^M. 101 
11 

GaN 111 
n-GaN M 13 

mtam i3a 

n-GaN M 131 
MQW ^'^M 14 
InGaN / GaN M 141 
p-M DBR 15 
AIGaN / GaN M 151 
p-GaN M 16 



m 21 

mm 30 

±^M 30a 

^»M31 

GaN 311 

n-M DBR 32 
n-AlGaN / GaN M 321 

n-GaN M 34 

Sth® 34a 

n-GaN MM 341 

MQWtSttM 35 

InGaN / GaN M 351 

p-iyDBR36 
p-AlGaN / GaN M 361 
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a 
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p+- GaN 



161 



p-GaN m 37 




n m^MMW. 17 
P M^MMM 18 

±mKMm 19 



p m^mmm 39 



p+- GaN MM 371 
n m^MMM 38 



^m^MM 191 



^mm.<tm 40 



-^M^-fcM 20 



ZnO M 401 



ZnO 



201 



mmmm 41 



^t^io;^jb*ffiioa?^^ — ^^Mii ' mw.iQ'^nmm'^ ( 

sapphire)^ ( SiC ) - ^.M^t^ (GaN) : 

13 ' 

^m2> ' f^B ^n-GaNM±^:^MQWS14M J iZ^U 
MU ' KMQW'^i±m l4m.±^^^mM ( A ) nr:S 380nmM 

600nm;$:rHl ; 

#-^4 ' f^B ^MQWrgt4M±j^:^p-MDBRj # ,^ 
( DBR) 15 : 

' ^ ^P-MDBR±^:^p-GaN^^H^Btfe?«M J 

' mm^m4 ^ ^^-m^&^^^mm ( dbr) i5±m 



^ — ®p-GaN^ ( p-GaN-based ' M ' p-GaN ^ p-InGal^J 
p-AlInGaN) ^ ^ h^b r;t: ^ M 1 6 ' R\;imM'^ (Etching) 
f:&n-GaNMl3^® ^ ^ f:& MQW^ 14 M 14 ^ p-M^ tiL^ ^ 
mmiS ^ S^f:&p-GaN»16^^ > M n-GaNM 1 3:i: W - K iii 

® 13a ' R'^^mmm i3si±^m — nm±mmmi7 ^ 

p-GaNMl6±^S — pM^® «;^18 ; 

sa#.^5.-' ^mwLioT^mmiikmmmmm (sputtering) ^ 

^Ith ' \^Xmi$(. — M.itUm (GaN-based) 7tm^ — m^ 

o 

Tfe^B^^M — ^^10^ — n-GaNM 13 ^ — MQW^g&M 14> — 

p-aiDBR 15 ^ —mmm > —nm^mmmii - ^ — v^^m 
mmmio ' mmmmm^ ( sapphire) > mm<tw c sic 

)' ^Mitm (GaN) ' StS 10;^±^® 10aqI^:R — 

mm mil > s*5io5:t^® lobwr^w — ^m^i^miq > j. 

^ n-GaNM 1 3S: MQW^^ 14 M 14 > M ^ ^ ^ M Ift M 

^M^Tfej ( light generating layer) ' ( X 

) Rj^380nmM600nm;^rB^ ; . 

^p-MDBR 15 ' mmf^MnMQwmi^mi4± > ^i^^ 
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( Reflective Index) rT ^ 50% S 80% ;^ Tal ; 

M^MM ' i^Uv-G&N^ ( p-GaN-based ' mtlU ' p-GaN 
^ p-InGaN ^ p-AlInGaN ) ;^ M h^h y± H M 16 ' Kf^M^v-MDBR 
15± : 

MnM^mmmn ' f^^B^n-GaNMl3;^a£fi® 13a± 

9 

mitt ' m^tkm.JtM^'^iLijuj: ^ ^g-^ m^^ ^ Rm^^ 
mmmm. « mmj^ — M'itmm (GaN-based) Jtmyt — mm. 

o 

Pi^JtClE^^am ( CIE Chromaticity diagram) ' — IS ^ ^ 
0.^;^MQWt!5ttMl4 '^taSftM^Tfe^^^^iRC A) ^i465nm 
m4S5nm;^m ' 10 # ^ M IP rI « ^ — M "fe ^ RCLED 
: ^2^#0^;^MQWvg.14Ml4 ' ( A 

) S495nmS540nm;S:ra1 ' 10 ^ # 0^ ^ B IP rT ^ ^ — 5fe 

^;^RCLED ; m^^mmj^MQw^i^miA. > ^Siimf^M^ 

Tfe;^^* ( A ) ^560nmM580nm;^re^ ' 10 # HQ ^ B IP rT 
^i^ — ^^Tfe^;^ RCLED : • 2^^0^RrM^;^tBSI^ 

380nmM600nm;^rBl ' ^ T m M ^ M^MW M fIZ ^ 
it^fe^RCLED^f ' Rl^^^ffeiiMfe^ ;^ RCLED ° 

$P m 3 3 A ffl m ^ ' :^ 2^ # ^ g ^ B% 1^ ^ # 

|g— ^ -Mill ' Rl:^LT-GaN / HT-G3iN:^mm m ' 



II 



M500A ' ET-G2iNmmmM^LT-GsiN±:tm '^^mmm > mm 

6 m ; 

m^mi3l ' Rl:Sn - GaN;^^i»|iM ' if rJ-^SE 2S 6 

^ EM 141 ' Rr:SlnGaN / GaN;^MQW ; 
HEM 151 ' Rr:^p - AlGaN / GaN;$:DBR ; 

M/\M161 ' rISp + - GaN-based;^^liMS ' i¥ S Rl ^ 
0.2M0.5 /z m : 

m 'B ( sapphire ) ^ m^^itW ( SiC ) > ^.M^tm ( GaN ) ;t * 
' ' — i^^tS 10H^^i.;^ 300M500;Ci m;^^jgiifT 

' -^^ra^j^ft ' ^*St^lOl;$:JS^^^^50M300 

191 ; m^m^'Mmi9i > RimAg/AiMM (sp^ig±iR ' n 

metal oxide layer )j J^^m ' ^B^^S > :fiE 1* ^fj ft ^ 
^p-GaNSl6± 'Jai>^H^H;^:^^i^:^-5l#p^jaRl5i7fc;^ 
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transparency in. visible range) J^^MM.itM^ ' MtiU • W& 
@I^^E380nmS600nm# " 

$□ m .6 ffl m ' mm^mmmm^^Bmm^twm • ^ 



^ — > - » 1 1 1 

' HSM 151 ^ : 
' 1^ ^ H « M fw] : 

m-tM2oi ' m'^ M,znoum^±mm,<tm > ^zno 

— ^ Rr:^InxZni.xO ^ :gcSnxZni-xO ^ ^ InxSnyZn.-x-yO^ # K ^if 

m^jt^mm.'itmm • jao^x^i > j.o^y^i • j.o^x + 

Y^l ; ^oJUiffM^ ( refractive index ) ^{P^l.SJt^M 
M,<tm^ ' M'^UnMM'M' ( n-type conduction) ^pM#^ 
( p-type conduction) J^^mMi^M^ > M'^ MB^^W ± 
7tM ( rare earth-doped) Jt^MM.'itM^ • i:;X±W°JMM^ 
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' W M^'^K'^^m (Rough Surface) 2imm^^^ ' i^:^ if 
- Itt M m 0^ # • • 73; 5t : ^ ^ - » Si 43 . 2^ ^ 

C sapphire ) ^ ^W^tW ( SiC ) > :^ M f-fe: ^ ( GaN ) # # ^ ; 

mm^misi^ ^mmm3i±mj^ — n-m^iiL^^mm ( dbr 

) 32 ; 

#^3a' ^ ^n-MDBR±^:Rn-GaNm;^^H^Btfc^ 

m J Tt^m ' ^,^^-^2a ' ^Sn-M DBR 32 JL — n-GaN^ 

^,^4a ' '■^n-GaN»±^:RMQW^SttM J # ^ 

' mm^m32i' ^n-GaN^^H^Htt«»34±Jf^^ — MQWtStt 
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m35 ' KMQW^^'t±m35m±y6^m^ ( a ) qr^ 380nn^-' 

^^5a' ^ ^MQWtgttM±^:Sp-iy DBRj ;^ ^ 

1^ ^ ( DBR) 36 : . 

J T^^m ' mm^msa ' ^p-m^&^^Kmm cdbr) ^36 

±M J^ — M p-G2iN^ ( p.GaN-based ' MtlU • p-GaN^ p-InGaN 
^ p-AlInGaN) '^:tm M 31 ' K \^JLmM m m ^ n-GsiN 

. m34mm ^ §i5i^MQw^^ttM35 ^ ^i'^p-m^^^^^mm36 

^ :S:^f&p-GaN^37^|^ ' n-GaNM 34:g, W — ® tB ® 34a ' 
.a Rl^Ktb®34a±|^g — nM^®'l:@38 ' ^:ap-GaNM37 
±^B — pM^M«@39 : 

^itfc ' i^Amf^ — Mit^M (GaN-based) 

o 

turn 9 R9 Aiim^ ' ^mmmm0\}^ » ^mm^tm 

Tfe^ff^M — StS30 - — n-Sy DBR 32^ — n-GaNM34^ — MQW 

ii^'\±m35 - — p-^DBR 36 - — mmm ^ —nm±mmm3s ^ 
R-vM±mnm39mmj^ ; ■ 

Mm^30 ' i^.'^mW.m^ ( sapphire) > ^mitW ( SiC 
) ^ ( GaN) W ' mU30;t±mm30a-aJ f^M~ 

mmm3i 

S^n-MDBR 32^.n-GaNM34^ MQWtS 14^35^ S:p-MDBR 

36 ' i^smii^mm^m,Mnmmm3i±;tm^B'^tmm ' rm 
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( A ) Rl^380nmM600nm;$:fBl ' n-SyDBR 32:Sip-iyDBR 36 
Jt^lri^ (Reflective Index) M f£ 5^ 90% ,T J 

^^^M ' #:^p-GaN^ ( p-GaN-based ' M $D : p-GaN 
^ p-InGaN^ p-AlInGaN) ;^^^.tfc^M37' 1 ^ :^ iS p-M DBR 
36± : 

^nSy#M«@38 ' #^g^£n-GaNM34;^® tB® 34a± 

mxiM±mmm39 • f^^a^ap-GaNMsyji ; mat > w 

— M^-k^S (GaN-based) 

1 0 R 1 0 A urn ^ ' 'f^m:$:#H^^e^B^HMi^ 

H — ^ z:M311 ' nrSLT-GaN / HT-GaN;^MW» ' 

M500A' HT-GaN{^BJ^:S^LT-GaN±;^^S^M^M • 
6 m : 

H = M321 ' 'mMn - AlGaN / GaNi^DBR ; 
m ; 

M^M35l ' ofi^inGaN / GaN;^MQW : 
||7nM36.1 ' 'oJUp - AlGaN / GaN;^DBR : 
S-fc:»371 ' nJ:^p+- GaN-based;^ it M ' M^'^^ 
0.2M 0.5 fi m •> 
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^ ^ t$ 

»S ( sapphire) ^ ^ 5^ ^-fc 1^ ( SiC ) 1<7 ( Si ) > ^ M ^ 
(GaN) ;^mU ' P;gRr:S300M500;CZ m ° 

' mm^mea. > Ri^£i4Mftf!i^;^p-GaNM37± v;^:>(^ 

^ 11^311 ^ IIHM321 ^ ^0^341 ^ ^SM351 
^ I|7aW361 ^ ||-fc:M371 ^ :5iSt^301# ' 
IrI 

m AM4G1 ' i^.'^ m ZnOU m m m, <t m ' ^ZnO^H 

— ^ RT:^InxZni-xO ^ ^SnxZni-xO - InxSnyZm-x-yO^ ^ W ^/f 
Y^l : ^'^mtff^^ ( refractive index) ^{^^l.SJ^^m 
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M,itM^ ; '^'^ UnMM'^ ( n-type conduction) ^pMW^ 
(p-type conduction) Tt^mm^tM^ - M'^M^m^m ± 
7C M ( rare earth-doped ) Jt^mM,itM^ > l^J.±^a!MM'^ 

^8a ' ^ ^^mm<tm±m^mmmm J z^m ^ m 

RlS^lii a $Sc/M^ ( self-texturing by sputtering) ^ pjf B 
' ^ RTS^J^a^^g^^ ( physical vapor deposition) mpJrB 
' ^RrSll^«ig (ion plating) fe^JF^^ ' ^rTSM* 
Wlif^M (pulsed laser evaporation) ^PJyMf^ ' rI S f-b 
^^^Itfclt (chemical vapor deposition ) ?S^/r?^^ ' ^ ^ 

( molecular beam epitaxy ) ^ ^jf ff^ » 
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( a) i£^^± 



(sapphire) ^ ^^i^i^ (SiC)^mMit^ ( GaN ) mmJ^±mM 

(b) ^mmm±f^^ n-oaN ^u^B^^tmm^^m > mm^ 

( c)^ n-GaN MQW rStt»;^#,^ ' ^^»^,^( b )> - 

^£ n-GaN ^^H^gtfc^Mi^^— MQW ^SttM ' 5. MQW Vf^ft.M - > 
^±3^5:^^:^ ( X ) hT^ 380nm M 600nm ;^rBg ; 

(d) ^ MQW tl^'f4M±^:^ P-M DBR :t^m ' ^M^^ . 
(c) . ^ MQW^'f4M_bff^^- p-M^St&Sl^il (DBR) : 

(e) ^ p-M DBR _h^:S p-GaN ^e'dC^mm^Z^m ' m 
(d) ' ^ p-M DBR±Jf^^ — ^ p-GaN ^' (p-GaN-based)' 

;^^H%tfc^» ' Kl^Xi^t^m^m^ n-GaN ' MQW ^ ■ 

tt» ^ g|5f^ p-M DBR > ^mi^ p-GaN ' 115 n-GaN M 

— ®tB® ' i.Rr^»m®±^B— n m^mnm. > p-GaN -r) 



(f) ^mwimmm.iL^mKmmi^^ 

— (GaN-based) ^^^^-W. 



i (e) . 



LED J ' 



' ^:^^nr:^^,^ (e) (f) ;^rsi ' m-^^-^^m 

( g) ; J.^^,^ (g) ' P-GaN M±^H^tfc^^^S,ft 

Mj ' wmm^m (e) • Rr«MM1i:^m;^ p-GaN^-h ' 

19 



s.m^mmmmmm 2 m<tmm led j^mmysmj - 
' mi^m'^^^m (o - (h) : Km 

(h) ' i^.m ^^^mmjtm±m'?mmmmj » mm 

4.$D^if$^fjfgiii^ 1 m^^mitmm led j-. 

mm^m (e). Ri^ffii^Mft^m;^ p-GaN ^± . i^xm^T^^^m. 

s.-m^mmmmmm ^mz^ m^itmrn led j. 
' miim^^^m (g) • n-^-^^^,^ (h) : j.^ 

m^m (g) ' Rr^^MS,<-fe:^;2:w®^MifS^*®M^ ' mmm 

6.— ©r^^-fe^^^ LED j'^S^ — n-GaN 

m ^ — MQW ^t4M ^ — P-M DBR ^ ~mBM - — n M^Mfl: 

MM^K ' f^Rl:^M*S (sapphire) ' ^fe;^±^®n]' 

m n-GaN M ^ MQW tSttM ^ p-M DBR > #S'^i?^B%^ 

M^Tfe J ^y6M±m ' ( A ) aj:^ 380nm M 600nm Z.f^ - 
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Mt^mm ' -f^i^p-GaN^ (p-GaN-based) ^e^^tW.^^} 
KJ^M^ P-m DBR± : 

m n m^mmm « m^m^ n-GaN mjzmtiim± ; 
m p M^^m® ' i^s^m^ p-caN m± ; 

^ ' M^J?^ — M-f-h^S (GaN-based) ;$:^^z:;^|g o 

7.$p^iff^^iJtG@m 6 LED ;^#5fe^a J ' 

mmrn^ m—P^mmitw (sic)> ^M'f-h^''(GaN).# 

' ^^ilS ' M — ^aJ^ p-InGaN ^ ^ p-AlInGaN 5:^H^y± 



9.$p^if ^^ijtgUI^ 6 LED :Zm^mmj' 



6 11;^ ^m.'itmm led 



LED ' {^S-MH^Hl^«m 



380 M 600nm # - 

— LT-GaN / HT-GaN ^mmM ' LT-GaN {^:^5t^:^^£St^ 
±:ti&^mWm ' j¥>^Rr^ so m SOOA » HX-GaN 

LT-GaN _h;^iff^^®^. JpjgRT^ 0.5 S 6 ^cz m : 

- n-GaN ;^^^ft^ . JP^ rJ^ 2 M 6 m ; 
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— InGaN / GaN MQW M • 

— p - AlGaN / GaN DBR ; 

— p*- GaN-based . m^'^^ 0.2 S 0.5 /z m : 
KM^W. ' (sapphire) ' ^i-^l" 300 ^ 500 

fim :ZmmM'(ym^B ' ^s%^^tt-''^SJg^TOIi^ 50 s 300 

//m ' .Ms^js^j.>im^^?iii;^:^^ . m.±mmm soa 

S io/zm#M:S Ag/Ai ;^^®^|^» ° 
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LED 



: J' ' ^st^ ' ii-#Rr:^fi^{ti^ ( sic)^ mm^tmx GaN) 
#w ; m^mi^Mm > Rim Ag . miii^^mum » 



Sj ' n^ .' m P^- GaN 

p-AiinGaN jzm^B^^^tmm » 



i4.$D^if*^afgHB 11 

j'M^ ' ^ p^- GaN 

Znomm Ai 



' ji — ^ Rr:^ p-InGaN - 

^M<tmm LED 

^M±'ii — ^rT^iSW — ZnO 
' JPj^Rl^ 50A M 50/zm o 



11 li;^ 



{-hi 



LED jtm^ 



m p - GaN 

IrixZni.xO ' ^ Sn^ZiiLxO ^ ^ In^SnyZni.x.yO ;t^mM.<t 
rT^ 50A M 50/zm'JL O^X^l'J. O^Y^l'^ O^X+Y^l «> 

i6.tiu^mMmmmM n ii;^ ■"M-f^^* led 

Sj ' ' m p""- GaN;^^^^»± . ii — ^ Rjj^:^W— iffl^f 

1.5 ' J¥^^^£ 50AM 50;t^ino 



1.1 il;^ '"Mf-bi 



led ;^my6 



J ' ' m P^- GaN;$:4i^^M± ' 3i — ^ Rj^:^W 



n 



ay 
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^W±7t^ ( rare earth-doped) Jt^MMitM^ " ' 

i9.~m 'Mitmrn led zmmy^m j' m'^ iht 



(a) ±fiz M — mm m z ^ ^ > m^m.m^ 

( sapphire) ^ MWkitW ( SiC ) > ( Si ) ^ ^M^itU ( GaN) 

( b) ^m.mm±]^^~ n-m dbr it^m > ^.^^j^ (a) > 

(c) ^£ n-gy DBR n-GaN ^ ^ a% tfc^M ;^#J^ • ^ 
( b) ' ^ n-M DBR n-GaN ^m^^ttmM J 

(d) ;£ n-GaNM±^ft MQW ^1^^;^^]^ . ^^#^( c )» 
n-GaN ^^H^Htt^M-L?f^^— MQW » ^ MQW ^St±M 

M^tI^;^?^^:^ ( X ) rTiS 380nm M 600nm - 

(e) MQW p-M DBR > mW^m 
(d) . ^£ MQWrgj4»±?^^— p-M^S^#^lif^ (DBR) ; 

(f) ^ P-M DBR±i^^:^ p-GaN^^^Ht±aM;^^^ ' ^« 
( e) ' p-M DBR _tj^^ — M p-GaN ^ ( p-GaN-based ) ;^ 

^^B^^tmrn ' MtS Iff ^f:& n-GaN M^M ^ tM^ MQW t^ft 

M ^ mi'^ p-M^SI&^l^il > Sl^f^ P-GaN mW^Ws ' fl^ n-GaN 

p-GaNM±^B— p M^^m® : 

#ith ' J-:^^^ — Mf-k^S (GaN-based) ° 
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20. m^mmmmmm 19 m:^. ^Mitmm led ;tm'^/ 
^ J ' ' my^m'^i^Pm (f) > ii-^^-^^^ (g) ; 

KM^m (g) ' ""^S p-GaN M±^H^Btfe^^M^f-t:Mj ;^ 

21. $P^if ^fiJfeSH 19 Ji;^ '■^{^^S LED 

J ' ' mijm'^^^m (g) ^ ji-^;^^^-^ (h) ; 
mmm^m (g) ' Rr^E^^«,{-hS;^i^®^®M^^pMs > m 

. 22.-@ ^Mf-t:^* LED ;^#3fe^B J ' ^fil — Slg ^ — n- 
M DBR > — n-GaN M ^ — MQW '^'\^m ^ — p-M DBR - 

MSfe ' {^Rr:^M»S (sapphire) #W ' «t^;^_h^®Rl 
^ n-M DBR > n-GaN M ^ MQW ^ R p-M DBR > 



600nm ;2:rB^ ; 

M^mm ' mm P-GaN ^ (p-OaN-based) Jtm^BttmM ' 
Kf^M^ P-M DBR ± ; 

^ n M^Mrn^ ' m^m^ n-OaN M;^^tB®± : 

^ p M^mmm • fi^e^ p-GaN m± ; 

^ ' M^l^ — Mi-k^S (GaN-based) — ° 
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■23.m^mmmmm 22 ^mi^^mm led ;tm)^j 
: J ' ' mmu ' m—^'^mmitw ( sio ^ ( si) > ^ 
<<tm (GaN) mum » 

24.$o^ if ^^OtBimi 22 11;^ ^Mft^S LED 

J ' ^ mWtmm > it — ^"^i^ p-InOaN ^ m p-AHnOaN 



25. m^mm^mmm ,22 'Uitmm led 

^ J ' ' ^ n-gy DBR p-gy DBR ' 90 

26. tu^mMmmmm 22 ^ mtmrn led 



« J ' ' ^^^^ 

380 M 600nm # » 

27.-® ^m<tmm led ;^^3fe 

— LT-GaN / HT-GaN J^mmM ' LT-GaN {1^:^^ j^:^:^^^^ 
±;^f£^^M®M ' Pjg rT^ 30 M 500A ' HT-GaN f^S^S^ 
LT-GaN ±;^i^^aM»M ' ^i^Rl^ O.sm 6fim; 

— n - AlGaN / GaN ;^ DBR ; 



— n - GaN J^^^^f 

— InGaN / GaN ;^ MQW M 

— p - AlGaN / GaN ;Z DBR 

— p""- GaN-based 



j¥;gRl^ 0.2 M 0.5/zm ; 



500/i m o 



g»S (sapphire) #W ' Pj^rT^ 300 
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28. $p^if ^^fjfBimi 27 11;^ ^Mitmm led 

Bj' ' mmm ' m—^^mm^tw (sio^ (si)^^' 

mitm (GaN) - 

29. $P^^^^fJ^Sf^ 27 '"Mf-b^* LED ;^#3fe^ 
M J ' ' ^ P^- GaN j^-^Mnm ' ii — #nJ:^ p-InGaN ^ ^ 
p-AlInGaN ;$:g^tfe^M » 

30. $p^if 27 li;^ r LED ;tmy6m 

fij'^^' ' m p"- GaN ;^'fmmm±'"m-^^'^f^mm~ zno^ 

m ZnO Al ;t^mM,<tm ' ff-^Rl^ 50A M 50/z m ° 

si.m^mmnmmm 27 ^ Mf-t^s led j^m^m: 
e J ' ' ^ p"- GaN :^^mmm± » ^i — # ^ri^:^ w — 

In^Zni.xO > ^ Sn^Zni.^cO > InxSnyZn,.;,.yO ;^^M^'f-fe;M ' jPM 
rT^£ 50A ^ 50 Jim' R O^X^l'J. O^Y^l'J. 0^X + 1 <> 

32. tiu^mmnmmm 27 ''mitmm led ^^ytm 

33. $D^ if ¥^u^gim 27 ^mitmm led 

fi J ' K4^ ' ^ P^- GaN ;^4^^fi»± 'H — #qrj^:^W — nM 
pM«^;^^M^<^»# ' mm'^^ 50A3i 50/zm o 

34. $p^if *^ij$gam27il;^ ^M<-h^SLED;^^^^g J ' 

^4' ' ^p+- GaN;^^^fiM± ' m-^'^f^mm—mm'^m± 
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